The response of satsuma mandarin (Citrus unshiu Marc. cv. Okitsu wase) on trifoliate orange (Poncirus trifoliata Raf.) rootstocks to inoculation of vesicular-arbuscular mycorrhizal (VAM) fungi, such as Glomus ambisporum Smith and Schenck, Gloumus fasciculatum (Thaxter) Gerdemann and Trappe emend. Walker and Koske, Glontus mosseae (Nicolson and Gerdemann) Gerdemann and Trappe, and Gigaspora ramisporophara Spain was studied at low phosphorus (P) application.
Introduction
The beneficial effects of VAM symbiotic association on growth of plants are well-known, and there are many reports on its effect on growth of citrus plants (Hattingh and Gerdemann, 1975; Krikun and Levy, 1980; Menge et al., 1978) . Although growth responses of the VAM plants vary with soil fertility especially with P content in the soil, mycorrhizal dependecy might be affected by soil type (Baylis, 1967; Hayman and Mosse, 1971; Mosse, 1972a) , species of mycorrhizal fungus (Graham et al., 1982; Mosse, 1972a, b; Pope et al., 1983) , and plant cultivars (Azcon and Ocampo, 1981; Menge et al., 1978) . Syvertsen and Graham (1990) reported that VAM colonization does not affect net gas exchange of citrus plants that are comparable in size, growth rate, and nutritional status compared with non VAM plants. In contrast, Johnson (1984) reported that high P levels in leaf tissue as a result of colonization or heavy P application could be expected to increase rate of Pn and subsequent growth response. Brown and Bethlenfalvay (1987) also showed that higher rates of CO2 exchange in VAM plants are associated with P nutrition. Parke et al. (1983) (Fig. 4) . However, Tr rate of VAM tree was faster than that of non VAM trees on August 21 and 28, 1992; Tr of VAM trees on August 21, was 3 to 4 times faster than that of non VAM trees. In late September, no significant differences in Tr of leaves were observed between them.
Experiment 2.
Effects of VAM inoculation on tree growth are shown in Table 2 . Total fresh weights of shoot, root, and fruit and total leaf area of VAM trees were higher than those of non VAM ones. Particularly, total fresh weight of fruits was 3 times larger than that of the non mycorrhizal ones. A significant different between VAM and non VAM trees on shoot/root ratio was also observed. Large amounts of assimilated 13C were accumulated in the fruit (Table  3) . Fruit was the strongest sink for photoassimilated carbon at this growing stage, followed by new leaves. The data indicated that VAM and non VAM trees assimilated 13C equally fast per unit leaf area under normal air temperature condition (Table 4 ). The accumulation of 13C by different parts of fruit trees did not differ between VAM trees and non VAM trees (Table 5) . However, the incorporation of 13C on VAM trees was 3 times higher in fruit and 2.5 times higher in leaves than it was on non VAM trees. Table  2 . Effect of VAM fungi-infection on leaf area and fresh weight of satsuma mandarin trees.
Discussion
It is well-documented that the inoculation of low P soil with VAM fungi stimulates the growth of citrus seedling (Allen, 1982; Allen and Boosalis, 1983; Edriss et al., 1984; Graham et al., 1987a; Levy and Krikun, 1980; Levy et al., 1983; Nemec, 1978) . Trifoliate orange seedlings are the main rootstocks for Japanese citrus; VAM fungi-inoculated trifoliate orange seedlings are reported to grow more vigorously than do non VAM seedlings (Ishii and Kadoya, 1989; Tang et al., 1982) . In this report, the growth of bearing satsuma mandarin trees on trifoliate orange rootstocks growing in Pdeficient soil was stimulated by being inoculated with 4 different types of VAM fungi even though the root infection percentages differed among and within different species of VAM fungi.
It has not been reported whether VAM fungi maintain an adequate Pn under high temperature Table 3 . The amount of 13C (mg) in various parts of VAM and non VAM fungi-inoculated satsuma mandarin trees. 1981; Allen and Boosalis, 1983; Hardie and Leyton, 1981; Levy and Krikun, 1980) . In our study Tr rate of VAM trees was six times higher than that of non VAM trees. We attribute that to the hydraulic conductivity of VAM fungi-inoculated trees which may affect the total fresh weight of the heat-stressed trees by maintaining high levels of Pn and Tr. The infection by the mycorrhizal fungi resulted in an increased P uptake and water conductivity because of the increased waterabsorbing surface area provided by the fungal hyphae (Allen et al., 1981; Hardie and Leyton, 1981) . Hyphae may also bridge the gap between soil and root under dry conditions when roots shrink away from the soil granules (Graham et al., 1987a Syvertsen, 1984, 1985; Koide, 1985; Nelsen and Safir, 1982; Safir et al., 1972) . However, in our experiment under well-watered conditions with low P fertilizer, Pn and Tr were faster under temperature-stressed conditions and P content in leaf tissue was higher than those of the non VAM trees. The ability of mycorrhizal hyphae to maintain a good P delivery to the root at low soil moisture content was the basis for improved drought tolerance (Graham and Syvertsen, 1987b) . found that drought tolerance of satsuma mandarin trees was increased by the mycorrhizal (Gigaspora ramisparophora) hyphae's ability to maintain P delivery to the roots under high temperature and water stress conditions. Snellgrove et al. (1982) 
